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Abstract 

The near-horizon geometry of an asymptotically AdS$ supersymmetric black hole discovered by Gutowski 
and Reall is analysed. After lifting the solution to 10 dimensions, we explicitly solve the Killing spinor 
equations in both Poincare and global coordinates. It is found that exactly four supersymmetries are 
preserved which is twice the number for the full black hole. The full set of isometries is constructed 
and the isometry supergroup is shown to be SU(1,1\1) x SU(2) x U(3). We further study half-BPS 
configurations of D3-branes in the near-horizon geometry in Poincare and global coordinates. Both giant 
graviton probes and dual giant graviton probes are found. 
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1 Introduction 

Asymptotically AdS$, rotating, electrically charged supersymmetric black holes of minimal D = 5 
gauged supergravity with regular horizons were first constructed by Gutowski and Reall in (T]]2|. 
These solutions have been further generalised in [3131010]. When lifted to 10-dimensional solutions 
of type IIB, these geometries asymptote to the maximally supersymmetric AdS$ x S 5 solution and 
preserve just two of the 32 supersymmetries |7j. One of the important outstanding problems in 
string theory is to account for the entropy of these black holes both from the string theory and the 
holographic boundary gauge theory points of view. 

The standard way of counting the microstates of a supersymmetric black hole in string theory 
is to count the BPS states of the D-brane system in the asymptotic geometry of the black hole. In 
recent times it has been realised that the entropy of extremal black holes depends just on the string 
theory in the near horizon geometry called the attractor geometry of the black hole. Therefore, the 
Bekenstein-Hawking-Wald entropy should also be related to a certain number of appropriate BPS 
states in the attractor geometry or those in the holographically dual quantum mechanics. This 
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program has been demonstrated successfully in the context of 4-dimensional extremal black holes 
in (HI El (see also "TU| and [TT]). For the supersymmetric AdS 5 black holes of [TJ [2] , one expects 
two complementary approaches to count the microstates as well: (1) count the BPS states with the 
right charges in the AdS$ x S 5 background, (2) count an appropriate set of BPS states in the near- 
horizon geometry. The problem of counting BPS states with just two supersymmetries in AdS$ x S 5 
geometry is a hard problem (see [T"""l 113*1 El where the problem of counting the BPS states with 
four supersymmetries was addressed and [T"""| where a fermi-surface model was proposed to achieve 
qualitative agreement with the counting). In this paper, we initiate addressing the problem using 
the second approach. 

We consider the single-parameter black holes with equal angular momenta [JJ in AdS§ directions 
and a single £7(1) electric charge. When the angular momentum vanishes, this solution reduces to 
AdS$. We lift the near- horizon geometry of the black hole to a solution of type IIB supergravity 
in ten dimensions. By studying the integrability condition of the Killing spinor equations, it is 
found that the number of supersymmetries of the near-horizon geometry is four, which is twice the 
number of supersymmetries of the full black hole. We explicitly construct the Killing spinor in both 
Poincare and global coordinates. Using the Killing spinor solution and the technique of [T"""|[T7|, we 
show that the superisometry group is SU(1, 1|1). We demonstrate that the full isometry supergroup 
of the 10-dimensional near-horizon solution is SU(1, 1[1) x SU(2) x U(3). As one expects for an 
extremal black hole there is an AdS2 factor in the near-horizon geometry and we consider both 
Poincare and global coordinates for it. 

We then initiate the study of probe branes in the near-horizon geometry along the lines of [TT] 
in the context of BMPV back holes [TH]. Two sets of probe D3 branes are found which preserve 
half of the near-horizon supersymmetries. These are the analogues of giant gravitons [T"""| and dual 
giant gravitons j^UJ """"TJ in AdS§ x S 5 . The probes in Poincare coordinates are static and have 
vanishing Hamiltonians. They still carry non-zero angular momenta because of the rotation of 
the background. The probes in global coordinates rotate and have non-zero angular momenta and 
Hamiltonians. 

The paper is organised as follows. In section 2, we lift the near horizon solution to ten di- 
mensions. In section 3, we solve the Killing spinor equation explicitly in Poincare coordinates. 
In section 4, we derive the isometry supergroup of the geometry. In section 5, we consider the 
problem from the point of view of global coordinates and solve the Killing spinor equation in these 
coordinates. In section 6, we initiate the study of probe branes in Poincare coordinates while in 
section 7, the probe branes are studied in global coordinates. We conclude with a brief discussion 
in section 8. 

2 The black hole and its near-horizon geometry 

The metric of the five-dimensional solution with equal angular momenta is specified by the fiinfbein 
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The right-invariant one-forms on SU(2) are erf = sin d6— sin 9 cos dip, ai? = cos G?#+sin 9 sin 
and (Tg = g?0 + cos9dip, where O<0<7r,O<^< 27r, < < 47r. They satisfy da\ = 
— \^ijk a f A cr^ with ei23 = 1. Furthermore 

uj 2 rir 2 , 2cu 2 3tu 4 x , x 

^ = i". * = -¥< 1 + — + M^y). < 2 - 2 > 

with ?7 = =bl and is constant. The 1-form gauge potential is given by 

We choose rj = 1 from here on. This solution asymptotes to global AdS§ and in this limit reads 



iv>2 /"} <y ly nr* v* 



tO-q , e 1 = , e 2 = -of, e 6 = -of, e 4 = + — of (2.4) 

21 3 ' A, , r£ 2 1 2 2 ' 2 V Z 2 3 

« 2 



with F = dv4 = 0. This can be put into the standard form by writing = + y and t — t which 
imply = + The black hole solution carries an electric charge under the U(l) gauge field 
given by 



2 



^ If \f?>1XUJ 2 , UJ , 



AttG J s3 "' 2G ' 2l 2 ' 

where G is the 5-dimensional Newton's constant. The black hole carries an angular momentum 
given by 



81G y 3/ s 



while the entropy is 



which may be written as 



7T o / 3o> 2 



/ 27T/ 3 , 

Sbh = \jl 2 Q 2 -~q-\ J \ = V / / 2 g 2 -4iV 2 |J|, (2.8) 

in terms of the electric charge and angular momentum of the black hole. Here N 2 = The 
near-horizon limit of this geometry is 

n 2r , 3uj 2 t i ujI dr 9 uj t , uj 
e' = — dt -of, e=— — , e 2 = -of , e = -a. 



a;" 4Z ~ 3 ' 2A r ' ° " 2 x ' ° " 2 2 ' 

i ^ , r < v^3/2r , uj 2 T . y/3 . n 2a; 4 , 

e = 2/ A< * * = T< + IT *' = T (e + T e) ' (2J) 



Here we have defined 

A = V/ 2 + 3u 2 . (2.10) 
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The gauge field strength, F = dA is given by 

F 
*F 

The equations of motion are 

Rab 



^[3e 14 -e 23 --A e 01 ], 

^ [3e 023 _ e 014 + ^ A e 2 34] 



(2.11) 



2F ac F b c + ]-(F cd F cd +^-) Vab 

3 l z 

2 

d*F + — F AF 
V3 



0. 
0. 



(2.12) 



where our convention for the Hodge dual is €01234 = 1- We will now lift this to a ten-dimensional 
solution. The lift formula is (see also 



ds 2 
U5 io 



i?(5) 



ds\ +py: 



i=l 



:i + * 



(10), 



(rf/ij) 2 

4 



.4 



-yVol (5) + -7=^2 d ^ A ^ A *( 5 ) F(2) 

* i=l 



(2.13) 



where \i x = sin a, /i 2 = cos a sin/3, /i 3 = cos a cos/5 with < a < ir/2, < (3 < ir/2, < £j < 27T 
and together they parametrise 5* 5 . Note that we define the Hodge star of a p-form u; in n-dimensions 

as *(n)Uh...i n -p = p\ e h...in 

The ten-dimensional geometry is specified by (|2.9|) together with 



n-sp^j^ j with e i23456789 = 1 an d e i234 = 1 in an orthonormal frame. 



e = Ida, e = I cos a d(3, 

e 7 = I sin a cos a {d£i — sin 2 /3 d^2 — cos 2 /3 g?£ 3 ] , 

e 8 = I cos a sin (3 cos /3 [ <i£ 2 — ^£3] , 
2 

e 9 = 7= A — / sin 2 a d^i — I cos 2 a (sin 2 (3 d^ 2 + cos 2 /? <i£ 3 ) 

v3 



(2.14) 



and the five form [23 123 13 



-4/ _1 [e u A e A e A e A e + e A e A e A e A e 9 ] 

+^=(e 5 A e 7 + e 6 A e 8 ) A (* (5) F( 2 ) — e 9 A F<®) 
v3 

)-y(e 57 + e 68 )A[-3e 023 + e 014 - 



l 



C e 01234 _|_ g56789 



-A e 



234 



+e 9 A (3e 14 - e 



,23 



A e 01 )] 



(2.15) 



3 The Killing spinor 

In this section, we will solve the Killing spinor equation. The strategy will be to use the integrability 
condition to simplify the equations on a projected subspace. The ten-dimensional Killing spinor 
equation is [Zj 

n r 1 1 Y nin2n3riAn5 V p( 5 ) e — fl C\~\\ 

- Ly m c ~ 1920 m niri2n 3 n4Tl 5 V " 1 -/ 
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We record the useful identity 

* rni n 2 n 3 n 4 n 5i7; (5) ^ = « ^ _ ^57 + T^)^ _ _ ^r 234 )](l + I^r, 



1920" -mnansrune m ^ L - 4 v - . - , v ~ - „« ^ 

= ±M(i + r u )r a£ &. (3.2) 

Here m is a spacetime index while a is a tangent-space index. The integrability condition is [Zj 

L-"-mnsiS2 ^g 1 msirir2r3- f nS2 J 1 t 

— I — [_L\7r F < - 5 ' ) + J_p(5) p(5)nr 2 lps 1 s 2 s 3 s4 (r _ n (q q\ 

^24 f m n l SlS2S3S4 96 nnr2S1 ^ass^J 1 t — u. i^o.o; 

Using a computer algebra program it can be shown that these imposes the constraints 

^0149 £ = r 2357 e = r 2368 e = _ r 5678 e = _ £ ? (3 4) 

r 23 e = r 57 e = r 68 e = -ze. (3.5) 

Of these only three are independent which may be chosen to be 

r 0149 e = *e, r 23 e = -ze, T 57 e = -te. (3.6) 

From these projections it follows that the solution in (j2.131 12.15J1 preserves at most 4 supersymme- 
tries of the possible 32. After some tedious but straightforward algebra, one can verify that on the 
constrained subspace the components of the Killing spinor equation simplify to : 



4? At \ 

d t -—r 4 r P + )e = 0, (3.7) 
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^ + [-^^04 + ^-^^ = 0, (3.8) 

<V = 0, 086 = 0, d^e = 0, (3.9) 

d a e = 0, dpe = 0, (3.10) 

(^ + |) e = °> for J' = 1.2,3, (3.11) 

where we define the projectors 

p ± = i(i±r 09 ), 

so that -P+-P- = = P-P+- All angular equations can be easily solved. This leads to the Killing 
spinor ansatz 

e = e - * ttl+&+6) e(r,t). (3.12) 

Then the solution to the t equation is 

6(r,t) = 3? A V(r), (3.13) 
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where Mi = — (r 49 + r 4) = — r 49 (l + r g) = — 2r 49 P + and satisfies Mf = 0. Plugging this into 
the r equation leads to 

d r e r = -^T 49 P + e r - — (P + - P_)e r . (3.14) 
2\r 2r 

Now writing e r = e+ + e~ such that = ±e ± we get 

d r et = (3.15) 
2r 



3u 

2A7 " ,: ' 2r 

The first of these immediately leads to 

1 



d r 6 r = 7^ T 494 + 7T e r ■ ( 3 - 16 ) 



(3.17) 

r 

where is a constant positive chirality spinor. Plugging this into the second equation leads to 

_ _ 3a; , 

e r = Vre - ^—T^ , (3.18) 

where is a constant negative chirality spinor. Thus the complete Killing spinor is 

e = + _L(i _ ^P 49 P + )(1 - f^tf) . (3.19) 

Here are subjected to the same projection conditions as e. The novelty here compared to the 
full black hole is the appearance of the other chirality e$ in the solution. Alternatively, this result 
can be expressed compactly as: 

e = e -T^ r - p +e^ r - p +-^ r -) lnr 6 . (3.20) 
It is sometimes useful to split the solution in terms of Tog chiralities: 

e — e r e o ' 

yr 

e- = (V?e - - + -sj-jr^ J ■ (3.21) 

Thus we conclude that the 10-dimensional lift of the near-horizon geometry of the black hole 
under consideration preserves precisely four supersymmetries with the explicit Killing spinors in 
eqs. fl8.21j) . We next turn to computing the isometry superalgebra of this geometry. 

4 Isometry supergroup 

In the present section we shall need the basis vectors dual to the ten-dimensional frame of the 
near-horizon geometry in Poincare coordinates. These are: 

e = ^*-y(% +<% + %)> £l = ~^ 9ri 
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e~2 = — (2 sin 0<96i + 2 cot # cos 0<9^, — 2cos0cosec 9d^) , (4.2) 
e 3 = — (2cos0(9e — 2 cot 6> sin 0<90 + 2sin0cosec 9d^) , (4.3) 

e 4 = ^<9t + -^fy - ^y(<% + % + <%) > e ~5 = y<9 a , e~ 6 = y sec , (4.4) 

e~7 = y (cot ac^ — tan a<9g 2 — tan ad^) , e~ 8 = - (cot /3 sec ad^ 2 — tan /3 sec ad^ 3 ) , (4.5) 

e 9 = + % + (4.6) 

Following the prescription in [16*1 117|. we now turn to the computation of the Killing spinor bilinears 
ePe which are Killing vectors. For the ten-dimensional complex Weyl representation of definite 
r 9-chirality, one can show that 

£±1^ = 0, (4.7) 

unless a = or a = 9. Conversely 

e T T a e ± = , (4.8) 

if a = or a = 9. Define 



3u Ai\rt 



2A lu 2 1 

First consider a = I where / 7^ or 9. We have 



(4.9) 



eT'e = e„ r'e+ + e+r 7 eo + ^(cT'l^ - cT 49 r 7 )e+ . (4.10) 
Next consider a = z where z = or 9. This gives 

eT z e = re ~ r 2 e + e C r 2 r 49 e+ - e+cT 49 r 2 e + -e+(r 2 - CC T 49 rT 49 )e+ . (4.11) 

r 

Thus we have, 

{eT a e)e a = e r°e r(e - e 9 ) + e T 4 e^(c(e - e 9 ) + e 4 + ie x ) + ^0 r " e o^ 
+ e^ r 4eo (c*(e - e 9 ) + e 4 - ie x ) + ^ A ^e A 

+ ejr°e^y(e + e 9 + (c + c*)e 4 - i(c - c*)ei + cc*(e - e 9 )) + t^T i9 T A ^- (c - c*)e A , 

(4.12) 

where A takes all values from 2 to 8 except 4. The terms involving A vanish as we show now. Note 
that the spinor can be written as (1 + iT 23) (1 + ir 57 )(l + ir 68 )eo/8 so that we may always pull 
a suitable one of these projectors through V which then changes its chirality and annihilates the 
conjugate on the left. We have therefore shown that there are four independent coefficients of the 
form eg r a e^ contained in the Killing spinor bilinears. This demonstrates that there are four bosonic 
generators in the superisometry group. In other words, each of these generators corresponds to the 
coefficient of a certain linear combination of Z\z*, z±z^ 2 , z\z?a and -232-232 where 21,2:32 are taken 
as the two independent complex components of the Killing spinor. Thus the independent Killing 
vectors are: 

fcW = r(e -e 9 ), (4.13) 
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k (2) = c(e - e 9 ) + e 4 + ie t , (4.14) 
= c *(g -e 9 ) +e 4 -iei, (4.15) 

£; (4) = -(e + e9 + (c + c*)e4-i(c-c*)ei + cc*(eo-e 9 )). (4.16) 
r 

These vectors can be easily verified to be Killing. Expressed in the holonomic frame these are: 

fc« = ^ dt , (4.17) 

^ (2) = ^(td t -rd r ) + ^-^, (4.18) 
u;/ um XL - 

fc (3) = ^(^-ra r ) + 4^-^ e , (4.19) 
ujl uj\ XL - 

7(4) w(3/ 2 + A 2 )l A 2 2o 16A 2 6/l 2/1 

All these Killing vectors are null. Rescaling by and defining \{k^ — k^) = J, ^(k^+k^) = 
Z, fcW = E+, k^ = E-, we get the non-zero commutators 

[J,E ± ]=±E ± , [J,Z] = [Z,E ± }=0, [E + ,E-]=2J. (4.21) 



This is the algebra sl(2, R) ©u(l) where E ± , J are the generators of st(2, R) and Z is the generator 
of the u(l) R-symmetry. Just as there is a bosonic charge Qsik) associated with each isometry k 
of the solution, to each Killing spinor e, there corresponds a fermionic charge Qf{c)- The algebra 
of these is encoded in the decomposition of the bilinears constructed above in terms of the bosonic 
charges ^El Cl| (see also j22l[23j). To extract the decomposition in a convenient form, we define 
the two linearly independent Killing spinors 

e« = -L e ~^ + ^ [e+ + cr 49 e+] (4.22) 

e ( 2 ) = vforstti+fc+fcOe- . (4.23) 
We obtain the following linearly independent bilinears 
(e^rM 1 )) e 

(e«r a e( 2 )) e 

Let us define the fermionic generators associated to the Killing spinors as follows 

e« -> Q« e( 2 ) -> Q( 2 ). (4.25) 
Then it immediately follows from (|4.24jl that 

{g( 2 ),g( 1 )} = z + l 7, {qm,qM} = z-.7 ) {g( 2 \g( 2 )} = £+, {q«q«} = .e-. 

(4.26) 

All other odd-odd anti commutators are zero. These are in the standard sl(2|l) form j2Zj. In 
addition to k^\ . . . , k^ 4 ', there are also bosonic isometries of this solution which are not associated 



(e -r%+) k^ 



( e -( 2 )rM 2 ))e a = (e r%-)^) 



(e+r%") k^ , (eWrM 1 )) e a = (e + r%+) fcW, 



(4.24) 
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with the supergroup. To this end it can also be verified that the left- invariant vector fields (which 
generate right translations) 

£f = — sin ipdo — cot 9 cos ipd^, + cos -?/>cosec 98^ , 
§f = cos i\)8q — cot 9 sin ipd^ + sin ^cosec 98^ , 

g = fy, (4.27) 

satisfying [£/*, = —tijkik are Killing, reflecting the su(2)# isometries of the squashed S 3 of the 
near-horizon region. In addition to these we expect there to be more bosonic isometries coming 
from the S 5 part of the geometry that preserve the 1-form % Ylt=i & z i where Zi = Ifiie 1 ^ as before 
with Hi = sin a, p 2 = cos a sin [3 and p 3 = cos a cos (3. The following can be seen to be Killing 
vectors of our geometry. 

J13 + J 2 4 = — cos £12 [sin (3 8 a — tan a cos (3 dp] + sin £ 12 [cot a sin /3 <9^ + tan a esc /3 <%] , 

Jia — J23 = sin£ 12 [sin f38 a — tana cos (3 dp] + cos£i 2 [cot a sin /3 + tan a esc /3 d&], 

Jib + J26 = — cos £13 [cos (3 d a + tan ct sin /3 dp] + sin £ 13 [cot a cos /3 + tan a sec /3 <%] , 

</i6 _ ^25 = sin £13 [cos (3 d a + tan a sin /3 9g] + cos £13 [cot a cos (3 + tan a sec (3d^ 3 ], 

J35 + -h& = - cos £23 dp + sin £23 [cot (3 % + tan (3 % ] , 

^36 - J45 = sin £23 dp + cos £23 [cot (3 <% + tan (3 %] , 

^12 = <%, ^34 = %, ^56 = %- (4.28) 

where £y = £3 — £j. These form the algebra u(3). The algebra can be calculated using 

[t/jj, J m n] ^in'Jjm ^jm'Jin ^irn'Jjn $jnJim- (4.29) 

We have checked that the Lie-derivative of the five form along all the above Killing vectors van- 
ishes. Thus we have demonstrated that the isometry superalgebra of our near-horizon geometry is 
su(l, 1|1) ©su(2) ©u(3). Hence, we conclude that the isometry supergroup is S77(l, 1|1) x SU{2) x 
C/(3). 



5 Global coordinates 

We will now consider global coordinates. Let us first rewrite the five-dimensional part of the metric 
in Poincare-like coordinates as follows: 

j2 4(l+3j£) ^2 dr 2 Jl 2 3 2 g 

ds 2 = l ^-r 2 dt 2 + — 2 ^ + — ((o-f 2 + {ok +— 1 + + ^-rdt] 2 . 

uj 2 (1 + 3 ^) 4(l + ^#)r 2 4 Ui; K2,) 4 l AP )l3 c^(l + f£) J 

(5.1) 

We perform the coordinate transformation 1 

t= ftfJ^* ^-p +v ^T7cosI, ,5.2) 

a[— p + ycr + p^ cos 



a;Z 6 cos j — p sin | 



1 To cover the full range of r, t the range of p and r should be between — oo to oo. 



10 



Here a 2 = 4A2 Q g and b 2 = ^f ^. This brings the metric into the form 



ds * = - { l + !-) d r 2 



6 2 



where erf's have in their definition. The AdS 2 part of the metric is now manifestly in global form. 
The gauge field reads 



2 



-pdr 



41 3 ujab' 

after a gauge transformation. We choose the tangent space basis to be 



(5.5) 



3° = /dr, e^r'dp, e 2 = ^ L , e 



-L „3 



a; ,_ L 6a6 



(5.6) 



where / = yl + jp. For notational convenience we will drop the tilde from now. In this basis the 
field strength and its Hodge dual associated with A are 



2 



2 1 
e 01 --e 23 



u;aZ> Z 

2 



2 



2 1 

_ e 234 + ^ e 014 

u;a& I 



(5.7) 



These satisfy the equation d*F + A F = 0. After the 10-dimensional lift, the five-form reads 

F (5) = _4 (e 01234 + e 5678 9) + 1 ^57 + e 68) A [e 014 _ e 239 + _2* ( g 234 + ^19)] (5 _ g) 

The projection conditions following from integrability in global coordinates turn out to be: 



r 0149 £ 

T 23 e 



-ie, r 2357 e = r 2368 e = r 5678 e = e , 
ie , T 57 e = T 68 e = -ie . 



(5.9) 
(5.10) 



showing, again, that at most four supersymmetries are preserved by the near-horizon geometry. 
Note that these conditions are almost the same as, but nevertheless different from, the corresponding 
ones in Poincare coordinates. The flux contributes 



1 



21 



1920 

= LwG(i + r n )r a e- 



n in2 n 3 n 4 n 5 ^m ~ ^^01234 + +T )(-T 0U + —jT 2 34)}(l + F U )T r 



(5.11) 



to the Killing spinor equation. Here m is a spacetime index while a is a tangent-space index. Using 
these we get the following simplified component equations: 



a '-^ r « +/ ^ r « + i r »>i e = ' 



1 



d p + — M)e = 0, 



(5.12) 
(5.13) 
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d e e = 0, <V = 0, d^e = 0, (5.14) 
d a e = 0, dpe = 0, (5.15) 

<%• + 0e = 0, for j = 1,2,3. (5.16) 

where M = x(|r 4 + ^ r g), which satisfies M 2 = 1. Again, all the angular equations are trivial 
and may be integrated immediately. Let us now solve the p equation to write 

c(r,p) = e -i" bh - 1 « A c(r), (5.17) 

where sinh _1 x = log [a; + \/l + # 2 ]- Then to solve the r equation let us first rewrite the equation 
in the following form 

d r e = ^r 49 -/Mr 49 ]e, (5.18) 

where we make use of the projection r 0149 e = it to eliminate r 19 in favour of r 04 . Then it is 
straightforward to verify that the spinor 

e( T ,p) = e-^^^e-i^Uo, (5.19) 

where eo satisfying all the projections conditions is a solution to the Killing spinor equation. This 
solution can be split in terms of Mcq = ±6q as 

e = ( e ~2 cos ^ + iea sin ^r 49 )e^" + (e* cos ^ - ie~^ sin ^r 49 )eo , (5.20) 
where p = frsinhx- 

Supergroup in global coordinates 

The supergroup in global coordinates can be computed in the same manner as was done in the 
Poincare coordinates. The basis vectors dual to the global vielbein are the same as in Poincare 
coordinates with the exception of 

e~o = 7<9 T + P^pd^ - ^p(% + <% + %) , e~i = fd p , (5.21) 

e~4 = ™d+ + ^(% +% + %)■ (5.22) 

In the same way as in section 4, one can use the constraints from the integrability condition to 
show that the only nonzero bilinears are (eroe),(eTie), (er 4 e) and (eT 9 e). In addition we can use 
the condition MeJ = ±e^ to derive the following relations 

(eg r 9 eg ) = ^(eo r 4 eg ) , (e^ r 9 e^) = (e t r 4 e F ) 

(5.23) 

(eflW) = T£(^r 4 e±) , (e^ef) = ±*f*(e±r 4 ej) . 

With the aid of these we compute the independent bilinears. 
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(eT a e) ~e a 
(eo"r 4 eo ) 

+ (e r 4e ) 



iacu r„ iauo p r„ 3iuab r 

cos —e\ — - sin T e + ( — — — / sin — + lje^ + 



2 b b u v 21 J b 
-iaui r_ iau p . r_ —3iuab 

— cos b ei+ — r m r o+( ^r- 



-3uiab r 
— + lfsm b )e9 



r -3uab . t 
f sin - + l)e 4 + (— ^ if sin -)e 9 



"36 Sm 6 61 - 3b ( 6 COS 6 " /)6 ° + (/ C ° S 6 " b )64 + 3^6 (/ C ° S 6 " 6 )g9 



I . T „ I p T T p 

Tb Sm 6 61 - 3b ( 6 COS 6 + /)6 ° + (/ C ° S 6 + b )64 



3^ (/c ° S 6 + 6 )e9 



(5.24) 



We have checked that these are Killing vectors of the near-horizon metric. Expressed in the holo- 
nomic basis these are: 



,( 2 ) 



iauj 



iauif 



2 C ° S b df) + 



,2ab 3ia 2 b 2 . r 



+ 



If S[n b )d * 



,2abu 



2bf pS[n b^ + 

I p t fl . t 2ab r 2ab r 

3bf U b C ° S b^ ~ 3b Sm b 9 > + Uf C ° S b 9 * - 3^f C ° S b 9 '- 



ia 2 b 2 r 

-jr sm b )d *- 



,( 4 ) 



1 If , P T \A f l ■ T ^ , 2ab T A 

3bf if+ b C ° S b R - 36 Sm + ^/ C ° S ^ 



2a6 r 
3^/ cc Vi- 



(5.25) 



The generators of the purely bosonic isometries do not change in the global coordinates. 

6 Poincare D-brane probes 

In this section we initiate the study of probe branes in the near-horizon geometry. To establish our 
conventions we quote here the D3-brane action we shall be working with: 



'D3 



dvol ± C {4) 



D3 



(6.1) 



In this expression, dvol is the volume form associated to the induced metric on the world volume, 
which we denote by h, and is the pull back of the four-form potential. The positive sign is for 
a brane and the negative sign for an anti-brane. The conserved charges will be specified using the 
point particle Lagrangian denoted by L obtained after integrating over all the spatial coordinates. 
From a world-volume perspective, supersymmetry of a configuration can be established by studying 
the kappa-symmetry condition. We say that an (anti-) brane is supersymmetric if it obeys an 
equation of the form 

Te = ±ie. (6.2) 
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The negative sign is for a brane and the positive sign for an anti-brane. The spinor e is the 
background Killing spinor derived above. Here T is the kappa-projection matrix, defined as 



1 1 

4! 7/=K 



c if. 



(70717273 + (-^01723 - ^03712 + ^027l3 + ^13702 - ^12703 ~ ^237oi) 



+ (jhqaho! + /?-i2^03 - h n h 20 )) , 
and 7 <Ji are the world volume gamma matrices 

7cti = <9 CTi X% 



(6.3) 



(6.4) 



and 7 CTiCTj = §(7^7^ -7^7o-J- The world-volume gamma matrices satisfy {7^,7^} = ^K i(Tj . As in 
()6.3|) . we will sometimes find it convenient to use the shorthand 7, = 7^. for world- volume indices. 



6.1 Solving the equations of motion 

In Poincare coordinates one can write the 5-form RR field strength as = dC^> where 



with 



2 

~V5 



= ^ e 0234 + cotae 678 A(e 9 + 2 

A A (e 57 + e 68 ) A (e 9 + -?=A) + -(e 9 + -?=A) A (*F + ^A A F) 

^3 2 V ^3 v 7 ^ 



Vs 1 



e°A(e--e-) + ^(l + ^; 



0"123 



(6.5) 



(6.6) 



6.1.1 Giant probes 

Let us now turn to probe D3-branes that wrap a sub-manifold of the deformed S 5 part of the 
geometry similar to the giant gravitons of pure AdS. We choose the following static-gauge ansatz 



t = CTo, P = 6 = 0"2) £3 = C3 



(6.7) 



with the rest of the coordinates assumed to be functions of cr only. The DBI part of the action 
follows from 2 



cos 2 a (cj 3 S 3 + 8lr) 2 - 64/wr (cj 2 S 3 - I 2 sin 2 afi 



I 2 

det h/T-fr ■ = — cos <j\ sin cri cos 3 a 
1 J 4cj 



4w 2 u 2 J: 2 (l 2 + oo 2 ) + u 2 l 2 sin 2 6ip 2 + 6 2 + 2E 3 sin 2 aft + 4Z 4 d 2 + sin 2 a£( 



AlW 2 
X 2 r 2 



1 1/2 



2 In this section we quote the full action for completeness. There are terms that can be dropped consistently from 
the action without changing the equations of motion for the class of solutions we are interested in. We will drop 
such terms from now on to avoid clutter. 
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(6.8) 



where E? 



+ cos 9if>. The WZ coupling for these configurations is 

,2 

73 



(T()(Ti(J2 <T3 



UJ 4:1 



cos a sin u\ cos u\ . 



(6.9) 



It can be verified that for £i = 9 = (/) = ip = a = f = 0dll equations of motion for an anti-brane 
are satisfied identically. These giant-like solutions carry non-zero angular momentum given by 

P^ = 2tt 2 Z V cos 2 a, P 6 = 2tt 2 / 4 cos 2 a. = 2vr 2 / V cos 2 a cos 9 . (6.10) 

The giant like solutions found here have H = 0. Note that P^| max — 27r 2 Z 2 c<j 2 , P^Jmax — 27r 2 / 4 , and 
P/>|max — 27r 2 / 2 ti; 2 which suggest a stringy exclusion principle at work. 



6.1.2 Dual-giant probes 

Now we look for solutions that are analogous to the dual giant gravitons in AdS in that their world 
volume takes up an S 3 in the five-dimensional part of our geometry. Choosing static gauge, our 
ansatz is 



t — er , 8 = 0i, 



0"2, lp = 0"3 



(6.11) 



with all other coordinates assumed to be functions of <t only. Thus the DBI contribution to the 
action follows from 



det h aiC 



10 



5/2 



16/ 



sin Ox 



UJ 



i=l 



1/2 



(6.12) 



Without loss of generality we have dropped terms involving a, j3 and r that do not contribute to the 
equations of motion for the configurations we are about to study. The pull back of the four-form 
potential is 



£f(4) 

O"0O"lO"2O"3 



— + «V(i + 5p. 



8=1 



sin cti 



(6.13) 



To find solutions we first note that since the Lagrangian depends only on £j's putting £j = would 
solve the e.o.m . Setting ^ = solves the equations of motion and gives the Hamiltonian 
H = —L. We find for the momenta conjugate to the angular variables P^ 



8L 



3nWl 2 (l 



W \ 2 



(6.14) 



This means that Y^=i ^ = 37r 2 u; 2 / 2 (l + jp) on our solutions. Furthermore we find that H = 0. 

If we use the coordinates t and 0, which give the asymptotic geometry of AdS^ x S 5 in the 
standard global coordinates, then we see that the vanishing Hamiltonian actually implies E = — | J 
where J is the spin of the probe branes when measured in the new coordinates. When one considers 
multiple configurations of dual-giants in AdS§ x S 5 there is an upper limit on their number given 
by the number of units of flux through the 5- sphere 12$] . In our case too one expects that there 
is an upper limit on the number of dual-giants. 
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6.2 Supersymmetry 

Let us now investigate the kappa symmetry conditions for the configurations introduced above. 



6.2.1 Giant Probes 

For the solutions (|fi.7j) we find the world-volume gamma matrices 

4r 

70 = -r P + , (6.15) 

UJ 

71 = ZcosaT 6 , (6.16) 

72 = — Z cosa sin o"i(— T 8 coscri + (r 9 cosa + T 7 sin a) sin o"i) , (6-17) 

7 3 = — I cos a cos<Ti(r 8 sin 07 + (r 9 cos a + T 7 sin a) cos 07) , (6.18) 

On the solution y/—h = - 2l 3 r cos 4 a sin (3 cos (3. Thus, using equation ()6.3|) we get 

T = i sec a[— 2r P + (cosar 9 — sinar 7 ) — cos a] . (6.19) 

And hence 

Ye = ie } (6.20) 

for e = P-rj, 7] being the Killing spinor in Poincare coordinates with P + rj = 0. This sets €q = 0. 
Hence these configurations are half-BPS with respect to the near-horizon preserving precisely the 
supersymmetries of the full black hole. The isometry preserved by the brane can be determined 
by adopting a similar procedure as in section 4. The Killing vector preserved by the brane is 
proportional to dt which is just the Hamiltonian. Equating this to zero gives us the H = 
condition obtained from the equations of motion. 

6.2.2 Dual-giant Probes 

For the solutions (J6.ll)) we find the world-volume gamma matrices 

4r 

70 = -r P + , (6.21) 

UJ 

71 = -(sincr 2 r 2 + cos<7 2 r 3 ) , (6.22) 

72 = -^(3ccT -2Ar 4 + wr 9 ), (6.23) 

7 3 = cos 0772 - — sincri(cosfX2r 2 - sin 0^3) . (6.24) 

On the solution y/—h = ^-r sin 07. Using ([6.3)1 . we calculate 

r = ^- [T P + (3ujT - 2Ar 4 + ujT 9 ) + 2uj] . (6.25) 
2uj 

With this we find Te = — it for e = P^r\ with 77 the Killing spinor in Poincare coordinates and 
P + r] = 0, as in the previous case. Hence these probes are half-BPS with respect to the near- 
horizon. As in the previous case, the Killing spinor bilinear implies H = 0, consistent with the 
equations of motion. Thus both the solutions preserve only the supersymmetries of the full black 
hole. 
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7 Global D-brane probes 



In this section we exhibit some half-BPS D3-brane probes in the near horizon geometry in global 
coordinates. 



7.1 Solving the equations of motion 

In global coordinates we can take the 4-form RR potential to be 

C (4) = ^0234 CQt a e 678 A (g 9 + J_ A) 

if Vs 

2 



* F+ ^ AAF = ^ 

VS 2 



A A (e 57 + e 68 ) A (e 9 + -^=A) + -(e 9 + -^A) A (*F + 4=^ A F) 

V3 2 



H^M J_ ^1^234 , 2 014 , 2fl&P Q23 

2/^' 



I 



wlf 



(7.1) 



7.1.1 Giant Probes 

We now exhibit a two classes of solutions to the DBI action of the D3-brane probes in global 
coordinates. We first choose 



t = (Jo, (3 = (?i, 6 = 0-2, & = o"3 (7.2) 
with the rest of the coordinates functions of a . The DBI contribution to the action follows from 



det h„ ir 



I 2 cos 3 a sin 2(3 



8uj 



2/2 



a 2 b 2 



2 8lup 

cos a H — 

ab 



(-81 2 sin 2 o4i + 2w 2 (cos 2 a - 4)) (7.3) 



+ u 2 (l6l 2 - 16/ 4 sin 2 ail + 8l 2 cu 2 sin 2 + u> 2 2 (-8Z 2 - Auj 2 + w 2 cos 2 a)) 



1/2 



The WZ coupling is 



C i%ia 2 a 3 = /4 cos4 a cos ff i sin ff i 



4/ 2 



colab 



(7.4) 



(7.5) 



where, as before, £ 3 = + cos and without loss of generality we have dropped terms involving 
p, a, 9 and tp which do not contribute to the equations of motion. One can verify that 



21 ,> 1 2w • 
u;A /A 



(7.6) 



are solutions to the Lagrangian £ = — a/ - det fo^T. ± C^l-i o- 2 o- 3 for any constant value of a,ip and 
0, provided p > —p g for branes and p < p g for anti-branes where 



Pa 



3uab 2 
21 
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One must take and £1 positive for an anti-brane and negative for a brane. The conserved charges 
for these solutions are 

2tt 2 4 47T 2 apa; 2 / 3 2 2 4 2 

— \~^~ I H i ) cos a ; "£1 — 2vr f cos a, (7.7) 

3 P±Pg 

with the above sign for branes and below for anti-branes. Note that P^ is infinite at p = p g while 
Pfr is independent of p. We will demonstrate later on that supersymmetry dictates p = 0. For this, 
the maximum value of the momenta are -P^max = ^3^; -P^lmax = 27r 2 Z 4 again suggesting a stringy 
exclusion principle at work. It is easy to verify that the Lagrangian vanishes and the Hamiltonian 
is given by 

a._. 2,._. 



I^*l 









This is actually the relation expected for BPS objects. To see this one can verify that the following 
Killing vector of the background 

2A 4/ 4 

3^ + W 9 * + 37^ (7 ' 9) 

is preserved by the probe brane solutions above for p = 0. This can be seen by considering the 
bilinears of the supersymmetries preserved by the probe branes similar to those in section 4 and 
5. Then identifying the generators d T , and with the charges H, P^ and P^ respectively in 
eq. (|7.9|) and equating it to zero results in the BPS equation. 

There is another class of solutions which have ip 7^ as well. It is easy to verify that 

9 = 0, ^ = 4 6 = ^ (7.10) 

and 

are solutions to the action C = —\/— det h aiUj + rjC^' for 77 = ±1 whenever 

p< Pg . (7.12) 

The solutions at 9 = have 

9,4 9 27r 2 / 2 (/ 2 + 3cj 2 p/p„) 2 
P ft = V 4tt 2 / 4 cos 2 a, P (j) = P^ = r ] ± "fil cos ^ a 7 .13 

and those at = 7r have 

P & = r^vr 2 / 4 cos 2 a, P = -P+ = V 2 ^ ( f + ^ pM cos 2 a. (7.14) 

3(1 - P/Pg) 

These configurations have vanishing Lagrangian and therefore their Hamiltonian is 

H= ±. m + m + ^ P(il = ^ W + ^ lP(A . (7 , 5) 
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7.1.2 Dual-giant Probes 

Let us assume the most general ansatz (in static gauge) for a dual-giant graviton in global coordi- 
nates: 

t = a , 9 = <7i, <p = 02, i) = <7 3 , (7.16) 

where all other embedding coordinates are functions of a . The DBI contribution to the action 
may be written in the form 



— det h„.„. 



CO 



5/2 



sin 0i uj 



16Z 
-A(l 2 + co 2 



ab 



i=l 



CO 



i=i 



i=i 



1/2 



(7.17) 



where h aiaj denotes the induced metric on the world volume of the dual giant. Without loss of 
generality we have dropped terms involving a, $ and p that do not affect the equations of motion 
on the configurations we are about to study. The induced four-form is 



C (4) 

OW10-2CT3 



CO 



i=i 



sin 0! , 



(7.18) 



where we have chosen to add a constant for convenience which does not change the equations of 
motion. Then one can verify that 

2co 



the equations of motion of the action C = —\J— det h ai(Tj + are satisfied when 

lab 2 



< 



2co 



These solutions have the following conserved charges 



n 2 co 2 \?>u A + Al 2 {u 2 + upl/{2ab 2 )) 



8 



I 2 - 4copl/(2ab 2 ) 



-(2l 2 + co 2 



Ik 



(7.19) 



(7.20) 



(7.21) 



for i — 1, 2 and 3. Notice that these angular momenta diverge as the radial positions of the dual- 
giants p approaches pd g . Furthermore this critical value of the radial coordinate is different from 
what the giants see which is 3co 2 /l 2 times pd g - The Lagrangian evaluated on the configurations 
again vanishes and so the Hamiltonian is given by 



H 



2co 

Ix 



(|P 6 | + |P & | + |P 6 |) 



(7.22) 



which also diverges at p = pd g - The same analysis can be repeated for branes with pd g — > — pd g and 
changing the signs of £j's. 
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7.2 Supersymmetry 

In this section we analyse the amount of supersymmetry preserved by the probes in global coordi- 
nates. 

7.2.1 Giant Probes 

First consider ip — 0. The pull-back gamma matrices are given by 



7o 
7i 

72 



/r - (-r- =F — )r 4 + (±7 r)r 9 ± — sm a(T 7 cos a - r 9 sm a) , 

I au I ujab I 



I cos aF 6 , 

—I cos a sin a 1 (— cos <7\T 8 + sin<r 1 (cosar 9 + sin aF 7 )) , 
73 = — /cosacosai (sincTir 8 + coscri(r 9 cosQ; + Tysino;)) , 



(7.23) 

(7.24) 
(7.25) 
(7.26) 



where the upper sign is for an anti-brane and the lower sign for a brane. Using these we get 



„ il 3 cos 3 a sin o\ cos <j\ , , 6b 4p . / 1 . ^ „i 2 „i i 

T = ==± -(±— + -Ar) -cosa + sinar 79 P+' 2 - cosaP 1 ' 2 

V— h I uab \2 



+ 



(7.27) 



where 



>1,2 



/ uab 



/r 09 + (-^±— )r 49 

I au 



and can be shown to be a projector. We further define the orthogonal projectors to be 

-l 



pl,2 = ^ 



;r 09 + (-^ ± — )r 49 

I au 



Hence, if we choose e = P^ 2 rj with 2 r] = 0, r] being the Killing spinor in global coordinates, then 
it is easy to see that Te = ±ie and that the configurations are thus half-BPS with respect to the 
near-horizon. We also see that the projectors are ill defined at p = ±p g where the upper sign is 
for a brane and lower for anti-brane. These are the same positions where the equations are not 

1 2 

solvable for the corresponding cases. We must further ensure that P + ' r] = 0. First consider an 
anti-brane. Write 



Pl = -(1 + AT 09 + BT 49 ) 



and the Killing spinor as 



x T" x '7" i x T x T 

rj = (e"2 cos— + iea sin— r 49 )eo + (e2 cos— - ie"2 sin — r 49 )eo 
= (/+ + ^+r 49 )e+ + (/_ + ^_r 49 )e , 

with p = b sinh x- Some useful relations are 



ro9eo — ±- /~(~2^ 49 



uab' 



(7.28) 



(7.29) 
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± 



± 26 3 / 
T^2 + u~ab 



r49)^o • 



(7.30) 



We demand P\r\ = corresponding to P\r\ being preserved. Now we note that 6q and Y have 
the same chirality. This leads to the following equations on equating the coefficient of cos ^ 



I 



I 



ua 



49^0 



(7.31) 
(7.32) 



These lead to the conclusion that p = and ej" = — r 49 eQ . It can be verified that these conditions 
satisfy the equations obtained from the coefficients of sin ^ as well. The same calculation can 
be repeated for the brane case. The conclusion is that the condition on the constant spinors is 
= ±r 49 eQ , the upper sign for brane and lower for anti-brane and p = 0. 

The calculation for non-zero ip can be repeated in a similar manner. It turns out that the world- 
volume gamma matrices are identical to the above case and hence the supersymmetry analysis is 
identical to the one given there. 

7.2.2 Dual Giants 

The world-volume gamma matrices are 



7o 



LO 



71 = - (cos0r 3 + sin0r 2 ) 

72 = i(f r9+ ^ r4 



73 = cos #72 + — sin 9 (sin 0r 3 — cos (j)Y 2 ) , 

where the upper sign is for brane and lower for anti-brane. After some algebra one can 
following simple expression for the Kappa-symmetry projection matrix 



r = 



with 



We note that 



ho2 — 7o72 = 



LU 

21 



-J sin 9(h 02 - 7072) , 



uj a / \ 2 ab 



. 9/w , n2 u; 6 sin 2 <T 1/ , 9 

- det hi = [-J sin 2 6 (h 02 l - 7o72 ) 2 = 4/w (P ± Pd 9 ft , 

the upper sign is for brane and lower for anti-brane. We can thus form the projectors V± = 
From the above we see that V± commutes with r 0149 , T 23 and T 57 . Furthermore, the 



(7.33) 
(7.34) 
(7.35) 
(7.36) 
derive the 

(7.37) 
(7.38) 

(7.39) 



= J(i±<r). 

projectors 
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become ill defined at p = pd g which is the same point where the angular momenta blow up. The 
condition on the constant spinors are derived as follows: For branes, we want to preserve Te = —it. 
Let us write Y = c(AT i9 + BT 09 + CT 04 ) where c = sinci. Then after some tedious algebra 
we get 

T / . , 3bB 2C. f 2B 36C\\ „ . 

-e = (f + (A-- j - + —)-ig + (— + - r ))r 49 4 
c \ I uoa uoa I J 

f e t 2B 36C. 3Bb 2C \ _ 

\ uoa I I uoa J 

( r / B 36C, , A 3Bb 2C.\ , 

+ (f + (2— + —)-ig + (A + - e+ 

\ uoa I I uoa J 

(,,. 3bB 2C. . ,2B 36C\\ _ /f7 AnS 

+ [f-(A + - ) +ig _( + r 49 e . 7.40 

\ / uoa uoa I J 

Now we equate this to — -e. Equating the cos Zr piece 



, . , 3bB 2C\_ . , ,2B 3bC z. _ ^ 

f+(A-^ + —)T 49 e+ = /_(_ + — e , (7.41) 

I ooa uoa I c 

„ ,2B 3bC i. . p . t 3bB 2C 

«^ +— +;> £ ° = ^-(• 4 + — -^) r » f »- < 7 - 42 ' 

We can read off A, B, C from equation ()7.38j) . This tells us that p = and e~j~ = r 49 eg . One can 
check that the other conditions arising from sin ^ are also satisfied. Thus we conclude that, as for 
the giant case, supersymmetric dual giants also satisfy p = and e~| = ±r 49 eQ , the upper sign for 
branes and lower for anti-branes. 

Conserved Killing vector 

The calculation of the Killing vector that the giant and dual giants preserve is now straightforward. 
Imposing e~| = ±r 49 eQ , we get the Killing spinor to simplify to 

e = e-^(l±r 49 )e+. (7.43) 

Using this we find 

eT a ee a = 2e+ {-T e =F T 9 g 4 ± T 4 g 9 ) e . (7.44) 
Now using (|5.23j) . the Killing vector becomes 

2A ~ 21 ~ , ~ 

v = -—e T- — r e 4±e 9 , (7.45) 
3uo 3uoab 

which leads to 

2w,„ , 21 ,„ . ,„ , 

H = lx^ + -x^- (7 ' 46) 

This is the expected BPS relation for both giants and dual giants. 
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8 Conclusion 



In this paper, we considered the near-horizon geometry of the simplest of the supersymmetric AdS^ 
black holes with two equal angular momenta and a single U(l) electric charge. It was shown that 
the isometry supergroup of the IIB uplift of this black hole is SU (1, 1 1 1) x SU (2) x U(3). This was 
achieved by explicitly constructing the Killing spinors of the geometry and then considering the 
bilinears following ^7]. The near- horizon geometry has a deformed 3-sphere S 3 and a deformed 5- 
sphere S 5 with a fibration of the time coordinate of AdS2 over them. We considered both Poincare 
and global-like coordinates for the AdS2 part of the geometry. We found that the number of 
supersymmetries of the near-horizon geometry of these black holes is twice that of the full solution. 

We then exhibited several D3-brane configurations in this geometry that are analogous to the 
giant and dual-giant gravitons of the AdS§ x S 5 background. The dual-giant like D3-branes wrap 
the deformed-S" 3 and the giant like objects wrap an S 3 inside the deformed-S* 5 part of the geometry. 
In the Poincare coordinates the branes do not rotate. They still carry non-zero angular momenta. 
In global coordinates the branes have to rotate in order to satisfy the equations of motion. All the 
configurations considered in Poincare coordinates preserve two of the four supersymmetries. These 
two supersymmetries are simply those of the full black hole solution restricted to the near-horizon 
geometry. 

We showed that the probes in global coordinates preserve two of the four supersymmetries 
of the background when placed at the centre p = of AdSi and so are half-BPS. However, the 
configurations at a generic non-zero p do not preserve any supersymmetries. The D3-brane probes at 
generic p exhibit interesting features. In particular, they all satisfy a BPS-like energy condition and 
see a critical value of the radial position where their angular momenta diverge. It will be interesting 
to understand the physics behind this behaviour. We expect there to be more giant-type probe 
branes like those in There is a duality between configurations of giants and dual-giants in 

AdS 5 x S 5 . It will be interesting to see if such a duality holds in this case as well. 

The results of this paper should help in counting microstates of the black hole under consid- 
eration as mentioned in the introduction. To make further progress in this direction one has to 
classify all the BPS objects in the global coordinates with a given set of supersymmetries. Then 
one should be able to quantise them using methods similar to [T3J[T3| (see also [321 EB1 EH EH] ) and 
count the different configurations with fixed quantum numbers. 

There are several generalisations of the black holes considered here [3J HJ which have non- 
equal angular momenta in AdS$ directions and non-equal R-charges in S 5 directions (with one 
condition among them). However, we suspect that their near-horizon geometries again preserve 
four supersymmetries. The reason is that the generators of the bosonic part of the isometry group 
which are responsible for the generalisation do not participate in the supersymmetric part of the 
full supergroup of isometries. We expect that the near-horizons of the generalisations have the same 
supergroup part SU(1, 1|1) of the isometries but with the bosonic parts SU(2) and £7(3) broken to 
some subgroups of them. It will be interesting to establish this in detail. 

Following Strominger et al jHUH] one can ask what is the holographically dual conformal quantum 
mechanics of the string theory in the near-horizon geometry of the Gutowski-Reall black holes 
considered here. Our superisometries should be an important input in constructing the Lagrangian 
for such a quantum mechanics. One also expects that there are some small black holes with 
more supersymmetries than the Gutowski-Reall black holes (see j2H] for instance). Counting the 
microstates in the near-horizon geometry of the Gutowski-Reall black holes might capture the 
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entropies of the small black holes as well as in [37] in an analogous context. We hope to return to 
some of these questions in the future. 
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